Abstract -The aim of this investigation was to examine normal acetabular morphometry, its sex dimorphism and the acetabular dysplasia rate in Serbian adults. For each hip, the centre-edge angle of Wiberg, the acetabular angle of Sharp, acetabular depth and acetabular roof obliquity were measured. The center-edge angle of Wiberg correlated negatively with the acetabular angle of Sharp and acetabular roof obliquity, but positively correlated with acetabular depth. Our results suggest that the prevalence of acetabular dysplasia in the Serbian population is lower than in Western countries. We confirmed the existence of significant gender differences in acetabular morphology among the subjects of our study. These sex-related differences in acetabular morphology were the cause for more dysplastic female acetabula compared with male acetabula.
INTRODUCTION
The erect posture assumed by humans is unique among primates. The maintenance of trunk balance and improved stability in the upright posture of man are achieved with the help of the large muscles of the vertebral column, gluteal and abdominal muscles, and changes that have occurred on the vertebral column, hip, pelvis and blood vessels (Conroy, 1990 , Toševski, Lečić Toševski, 2006 , Abitbol, 1995 , 1988 , Schimpf, Tulikangas, 2005 . The center of gravity in humans lies near the hip joint and the line of gravity falls slightly anterior to the ankle joint (Conroy, 1990 , Toševski, Lečić Toševski, 2006 . It seems that only human bipedalism was successful, even though the upright posture of modern man was a direct cause of several inefficient biomechanical solutions and diseases that are entirely human (low back pain, sciatica, acetabular dysplasia, coxarthrosis, gonarthrosis, varicose veins, etc.) (Toševski, Lečić Toševski, 2006 ).
More information is needed about the postural parameters of the acetabulum of a normal hip joint, including its shape, its depth at precise locations, and the influence of age, sex and congenital morphology (Goker et al., 2003; Lanyon et al., 2003) . As race, clime, heredity and geographical areas have strong influences over the anthropometric parameters of bones, the present study was undertaken to note the average anatomical parameters of the acetabulum, as part of the hip joint, in the Serbian population. Knowledge of the anatomical parameters of the bony components of the hip joint is very essential as it will enable a better understanding of the etiopathogenesis of diseases like primary osteoarthrosis of hip joint. Also, knowledge of the various bony compo-nents of the hip joint will not only help the radiologist but will also be of immense importance to orthopaedicians and prosthetists in constructing suitable prostheses (Shiramizu et al., 2003 , Rejholec, 2007 . Awareness of the average dimensions of the hip joint bones in both sexes will also help in early detection of disputed sex by forensic expert.
The purpose of this study was to examine normal acetabular morphometry, to determine sex differences in the anatomical parameters of the acetabulum among asymptomatic subjects without structural change, and finally to evaluate the rate of acetabular dysplasia in the Serbian population compared with those values from other countries.
MATERIALS AND METHODS
We evaluated the hip joints of 370 individuals who were over the age of 20; 32 of them had been treated with physical procedures for fractures of the femoral neck and 338 had clinically normal hip joints. They were 60.0% males (222) and 40.0% females (148). The average age was 50.8 years (from 21 to 65); broken down by decades, the twenties 16.2% (60), thirties 14.8% (55), forties 6.7% (25), fifties 32.4% (120) and over-sixties 29.7% (110) (Table 1, His. 1).
Patients with a known hip disease or pain located in the hip region, including ambiguous pain probably of lumbar origin but irradiating to the region of the greater trochanter, groin or thigh, were excluded from this study. We also excluded patients with bone disorders such as Paget's disease, femoral head disease, acquired deformities, unequivocal osteoarthritis of the hip, and evident osteophytes or cysts adjacent to the hip joint cavity. Films with incorrect patient positioning (misalignment of the sacrum-pubic symphysis vertical axis ≥1.5 cm) were also excluded.
An antero-posterior (AP) radiograph was used to measure the radiography of a hip joint. Patients were placed in a supine position with legs extended and internally rotated 15°, with a distance of 100,.0 cm between the x-ray source and the radiographic film. The central radiographic ray was aligned to be perpendicular to the cassette, entering 5.00 cm superior to the pubic symphysis. All measurements were made using a new Plexiglass instrument, the arthrometer, which is comprised of a ruler and protractor for measuring hip architectural angles (Lequesne, Morvan, 2002) . Interpretations were performed by a physiatrist trained in the radiographic appearance of acetabular morphology and acetabular dysplasia.
A retrospective study was performed for the radiography of patients treated by physical procedures and a prospective study was done for all the radiography of clinically normal hip joints.
To measure the morphology of the acetabulum, the anatomical structure of the hip joint was assessed by measurement of the acetabular angle of Sharp, His.1. Distribution of subjects in different age groups center-edge angle of Wiberg, acetabular depth and acetabular roof obliquity (Fig. 1 ).
The acetabular angle is formed by the angle between a line connecting the left and right sides of the pelvic tear drop and a line joining the lateral edge of the acetabular roof and the inferior tip of the pelvic tear drop (Fig. 1A) , (Cooperman et al., 1983; Delaunay et al., 1997) .
The Wiberg angle is formed by the angle between a line connecting the center of the femoral head and lateral margin on the acetabular roof and a perpendicular line joining the center of the two femoral heads (Fig. 1B) , (Smith et al., 1995) . The center of the femoral head was determined with the aid of a transparent plastic sheet marked with concentric circles.
The acetabular depth is the longest vertical distance between a line joining the lateral acetabular margin and the upper margin of the symphysis pubis on the same side and the acetabular roof (Fig. 1B) , (Smith et al., 1995) .
The acetabular roof obliquity is defined as the angle between a line connecting the lateral edge of the acetabular roof and the lower iliac tip of the acetabular surface and a line parallel to the pelvic tear drop (Fig. 1A) , (Delaunay et al., 1997) .
All measurements of the anatomical parameters of the acetabulum were performed by a single reader.
Statistic analysis
Sex related differences of the anatomical parameters of the acetabulum were assessed by paired samples ttest, and Pearson's correlation coefficient was used to measure the relationship between the various measurement and age. SPSS statistical software for Windows version 15.0 was used for all calculations. A p value of <0.5 is considered significant.
RESULTS
The acetabular angle was 38.3±3.6° in the group of patients in their twenties, 38.0±3.4° in their thirties, 37.8±5.5° in their forties, 38.0±4.5° in their fifties and 38.5±3.2° in the over-sixties. The average acetabular angle was 38.0±3.8° (37.5±3.6° in males, 38.5±3.9° in females).
The Wiberg angle was 32.9±5.5° in the group of patients in their twenties, 33.4±6.5° in the thirties, 32.2±6.9° in the forties, 33.8±7.2° in the fifties and 32.8±6.3° in the over-sixties. The average Wiberg angle was 33.5±6.5° (33.6±5.8° in males, 33.3±6.9° in females).
The acetabular depth was 12.8±2.6 mm in the group of patients in their twenties, 12.4±2.6 mm in the thirties, 11.9±2.7 mm in the forties, 11.6±2.8 mm in the fifties and 11.1±2.6 mm in the over-sixties. The mean acetabular depth was 11.9±2.8 mm (12.5±2.7 mm in males, 11.2±2.7 mm in females).
The acetabular roof obliquity was 5.5±4.4° in the group of patients in their twenties, 6.9±5.7° in the thirties, 8.2±5.5° in the forties, 8.1±6.0° in the fifties and 9.3±6.0° in the over-sixties. The mean acetabular roof obliquity was 7.6±5.7° (6.2±4.9° in males, 9.0±6.0° in females).
There were significant differences in the acetabular depth and acetabular roof obliquity (p<0.01), whereas no significant differences were found in the Wiberg angle and acetabular angle related to age (p>0.05). The acetabular angle, acetabular depth and acetabular roof obliquity differed significantly by gender, while no significant differences were observed in the Wiberg angle related to gender (Tables  2, 3 ).
To understand the relationship between the Wiberg angle, acetabular angle, acetabular depth and acetabular roof obliquity, we compared the data using the Pearson correlation coefficient. Therefore, the acetabular depth (r =0.60, p<0.01), was significantly increased compared with the Wiberg angle, whereas the acetabular angle (r = -0.65, p<0.01) and acetabular roof obliquity (r = -0.66, p<0.01), were significantly decreased. The values between two standard deviations from the mean represented a normal range (95% confidence).
Following the approach used in previous studies, an abnormal Wiberg angle indicating acetabular dysplasia, was defined as less than 25 degrees, an abnormal acetabular depth as less than 9 mm (Delaunay et al., 1997; Lequesne, Morvan, 2002; Wiberg, 1939) , an acetabular angle of more than 45° (44° in males; 45° in females). Low values of acetabular depth and Wiberg angle, reflecting an abnormally shallow and abnormally laterally displaced acetabulum, characterize acetabular dysplasia (Tan et al., 2001) . The dysplasia was categorized as severe (a lateral center-edge angle-Wiberg angle of ≤ 5°), moderate (a lateral center-edge angle of 6° to 15°), or absent or mild (a lateral center-edge angle of >15°).
The proportion of acetabular dysplasia was 2.9% overall (2.2% in males; 3.6% in females).
DISCUSSION
The center-edge angle, as described by Wiberg, is the most important measurement on the AP view of the pelvis, because an abnormal center-edge angle (Goker et al., 2005) . Saikia et al. reported that the mean center-edge angle in the Indian population was 32.7° (Saikia et al., 2008) . Our study showed that the average center-edge angle was 33.5±6.5° (33.6±5.8° in males, 33.3±6.9° in females). Therefore, we found that the degree of center-edge angle in our study was less than that in the study of the hip joint of the Chinese, English, Danish and Turkish populations, and was greater than that in the study of the hip joint of the Japanese, Singaporean and Indian populations.
Based on Nakamura's report, the average acetabular angle of Sharp in Japan was 38.0±3.6° (37.3±3.7° in males, 38.6±3.4° in females) (Nakamura et al., 1989) . Lavy et al. reported that the average acetabular angle in Malawi (sub-Saharan Africa) was 36.9±4.0° in males and 38.6±4.9° in females (Lavy et al., 2003) . From these results it can be seen that Malawian female acetabulae in their study population are more dysplastic than that of males. Umer et al. reported that the mean acetabular angle in the Singaporean population was 39.5±6.0° (range 10-58 degrees) (Umer et al., 2006) . Jacobsen et al. reported that the mean acetabular angle in the Danish population of the right and left hips was 37.0±3.5° and 37.0±3.5° in males and 39.1±3.7° and 38.0±3.8° in females (Jacobsen et al., 2005) . Our study showed that the average acetabular angle was 38.0±3.8° (37.5±3.6° in males, 38.5±3.9° in females). No significant differences in age and gender were observed. Therefore, we found that the average acetabular angle in our study was similar to those of Japan, Denmark and Malawian females and different from those of Singaporean population and Malawian males.
The acetabular index of depth to width evaluates the depth of the acetabulum. In a comparison between normal and dysplastic hips with osteoarthritis, all normal hips were shown to have acetabular index values over 38° (Delaunay et al., 1997) . Murray reported another method, acetabular depth to compensate for the inaccuracy of the Wiberg angle which was caused by the formation of a bony spur on the lateral margin of the acetabulum and displacement of the femoral head (Murray, 1965) . If the acetabular depth is less than 9 mm this is considered to be acetabular dysplasia. Lau et al. presented that the mean acetabular depth in the Chinese population was 11.8 mm and Croft et al. presented that it was 14.4 mm in the English population (Lau et al. 1995; Croft et al., 1991) . The depth value of our study was 11.9±2.8 mm (12.5±2.7 mm in males, 11.2±2.7 mm in females). Therefore, we found that the average acetabular depth in our study was similar to that of the Chinese population and different from that of the English population. However, since the value of acetabular depth decreased with an increase in age, and the value for females was less than that for males, acetabular depth may not be a good measure of acetabular dysplasia. Acetabular roof obliquity is used to evaluate the orientation of the acetabular roof in a coronal plane and the superior lateral coverage of the femoral head. Normal values are 10° and under; values above 10° are frequently found in acetabular dysplasia (Delaunay et al., 1997) . Acetabular roof obliquity was normal if the angle was less than 30° under one year of age, if the angle was less than 25° between the age of 1 and 3, and if the angle was less than 20° from the age of 3 to adulthood (Massie, Howorth, 1950) . The report of Nakamura et al. showed that the Japanese average acetabular roof obliquity was 4.4±5.1° (4.6±4.1° in males, 5.4±4.5° in females) (Nakamura et al., 1989) . Umer et al. reported that the mean acetabular angle in the Singaporean population was 7.9±6.5° (7.8±6.5° in males, 7.8±6.8° in females) (Umer et al., 2006) , whereas our study indicated the average was 7.6±5.7° (6.2±4.9° in males, 9.0±6.0° in females). Interestingly, we observed the values of males were significantly lower than those of females and a discrepancy was observed between different ages. However, it may not be a good diagnostic method for acetabular dysplasia because of the differences between ages and sex and its high standard deviation.
The prevalence of acetabular dysplasia has been reported as 1.1% in Hong Kong (Lau et al. 1995) , 3.3% in Nigerian men (Ali-Gombe et al., 1996) , 3.4% in white females in Britain (Lane et al., 1997), 3.8% in another British population (Cooperman et al., 1983 ), 1.8% in the Korean population (Han et al., 1998) , 2.4% in the Turkish population (Aktas et al., 2000) and 1.44% in the Saudi Arabian population (Moussa, Alomran, 2007) . In our study, the prevalence was 2.9% (2.2% in males; 3.6% in females). This suggests the prevalence of acetabular dysplasia is higher in the Serbian than in the Asian population and less than in Western countries.
In summary, we analyzed the radiological characteristics of the center-edge angle of Wiberg, acetabular angle of Sharp, acetabular depth, acetabular roof obliquity and their correlation to acetabular dysplasia. We confirmed the existence of significant gender differences among the subjects of our study. These sex-related differences in acetabular morphology were the cause for more dysplastic female acetabulae, compared with male acetabulae. Our data suggest that the prevalence of acetabular dysplasia is lower in the Serbian population than in Western countries.
